This study describes factors that contribute to spontaneous termination of reentry lasting one to 10 cycles after induction by a single premature stimulus. Reentry was studied in vitro in rings of canine atrial tissue from around the tricuspid valve orifice. Activation was recorded from a circular array of 10 extracellular bipolar electrodes equally spaced around the ring. In some experiments, transmembrane or monophasic action potential recordings were made near critical sites. Termination of reentry within one cycle after induction was recorded 110 times in 11 of 35 experiments. Important factors contributing to termination were 1) an obligatory reversal of the activation sequence that resulted in a long coupling interval in the critical region beyond the site of unidirectional block after the premature stimulus and 2) much longer refractory periods limited to this critical region, which facilitated unidirectional block but contributed to termination when this region was first activated with a short coupling interval at the end of the first reentrant cycle. Termination of nonsustained reentry lasting longer than one cycle resulted from oscillations of conduction and refractoriness initiated by the abrupt shortening of cycle length after initiation of reentry. Oscillations of conduction resulted from interval-dependent conduction of reentrant impulses that encountered partially refractory tissue. For reentry to become sustained, the oscillations after induction of reentry must dampen. Thus, damped cycle length oscillations after induction may identify clinical tachycardias caused by reentry with a partially excitable gap. (Circulation Research 1991;68:493-502) P rogrammed electrical stimulation performed to induce sustained reentrant arrhythmias often elicits single or repetitive unstimulated responses. Similarly, patients with spontaneous tachycardias may also have single ectopic beats with similar morphology."2 Furthermore, antiarrhythmic drugs may convert nonsustained to sustained reentry.3 These observations raise the following question: what terminates reentry once it begins and what changes in electrophysiological properties facilitate the induction of sustained reentry?
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Most of the factors considered important for the initiation of reentry were described in the early studies of Mines.4'5 He described the need for unidirectional block and sufficiently slow conduction so that the tissue activated proximal to the site of block has recovered excitability when the impulse traveling in the other direction returns to reactivate the site. Later studies showed that this requirement is facilitated by marked shortening of action potential duration and refractory period near the site of block, because premature action potentials are shorter and because of the electrotonic interaction with cells that failed to depolarize in the region of block. 6 However, these studies focused on the events during the premature cycle that initiate reentry and do not address why reentry may terminate after one or several cycles.
This study describes factors that contribute to the termination of nonsustained reentry in a model of atrial reentry around a fixed barrier with incomplete recovery of excitability between depolarizations.7'8 Termination of nonsustained reentry has some factors in common with spontaneous termination of sustained reentry in this model9; however, unique factors related to the activation sequence during induction of reentry are also important, especially when termination occurs during the first reentrant cycle. Simson et al10 stated that "to be sustained, reentry must be able to dampen a perturbation of cycle length." In this study we show that there is an 494 Circulation Research Vol 68, No 2, February 1991 inevitable large perturbation during the induction of reentiry that must be dampened for reentry to be sustained.
The factors contributing to termination in this well-characterized model of reentry may be involved with the termination of nonsustained reentry in clinical tachycardias involving similar circuits. They also present an easily identified behavior during initiation of reentry that may give clues to the nature of the excitable gap and the stability of the tachycardia.
Materials and Methods
Healthy mongrel dogs weighing 15-20 kg were anesthetized with pentobarbital 30 mg/kg i.v. The heart was rapidly excised, and the tricuspid ring preparation was dissected in cold Tyrode's solution bubbled with 95% 02-5% CO2 as previously described.8 The preparation was studied during superfusion with Tyrode's solution containing (in mM) NaCl 125, NaHCO3 24, NaH2PO4 1.8, MgCl2 0.5, CaCl2 1.8, dextrose 5.5, and KCl 4.0. Solutions were equilibrated with 95% 02-5% CO2 before entering the chamber and also were bubbled at multiple sites on the periphery of the circular chamber. The temperature of the bath was maintained constant between 33°C and 34°C. Propagation around the ring was recorded using 10 extracellular bipolar Tefloncoated silver wire electrodes with an interpole distance of less than 0.5 mm. The innermost circumference of the ring was 7-8 cm, and the interelectrode distance was 7-8 mm. In most experiments, the amplifiers were set for a bandwidth of 50-500 Hz; however, in later experiments, the bandwidth was 0.05-500 Hz. The moment of activation was designated as the rapid zero crossing for biphasic electrograms or the peak of the largest deflection for monophasic or triphasic electrograms. Constant current pacing stimuli were delivered through separate Teflon-coated bipolar silver wire electrodes placed between the extracellular recording electrodes. Pacing stimuli had a duration of 2 msec and an amplitude of three times diastolic threshold. Attempts to induce reentry involved a train of 12 stimuli (S1) at a constant cycle length followed by a premature stimulus (S2). We used a cycle length of 400 msec in all experiments, and in two experiments we also used a cycle length of 350 msec. A1 refers to impulses that result from the S, stimuli. A2 identifies the first activation at each site in the circuit resulting from the S2 stimulus whether by the antidromic or orthodromic impulse. The first reentrant cycle (R1) begins at the end of A1 where the impulse crosses the site of unidirectional block to activate tissue a second time after S2 and ends after one revolution. Subsequent reentrant cycles are labeled R2, R3, R4, etc. Coupling intervals at a particular site are identified by a pair of consecutive activations. For instance, A1A2 identifies the coupling interval preceding the A2 activation at a specified site.
Action potentials were recorded near the site of unidirectional block during initiation of one cycle and nonsustained runs of reentry in seven experiments. In each of these and five other experiments, similar recordings were made during initiation of sustained reentry. In six of these, action potential recordings were also made at other sites during initiation of reentry. In three experiments, transmembrane potentials were recorded using glass microelectrodes with tip resistances of [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] Mfl and a high impedance KS 700 amplifier (World Precision Instruments, New Haven, Conn.). In four other experiments, monophasic action potential recordings were made with 6F platinum-tipped transvenous pacing catheters advanced with a micromanipulator to indent tissue in the tricuspid ring. Data were recorded on an FM tape recorder (model 101 with 28 channels, Honeywell Inc., Denver, Colo.) and on chart paper using an ES 1000 electrostatic strip-chart recorder (Gould Inc., Cleveland, Ohio).
Results

Termination After One Reentrant Cycle
We recorded termination of reentry during the first reentrant cycle after initiation by a single premature stimulus 110 times in 11 of 35 experiments involving reentry in this tricuspid ring model. Figure  1 shows two examples illustrating the mechanism. The premature impulse, A2, blocked in one direction but continued to propagate in the other direction, conducting through the region of block to initiate reentry; however, conduction block terminated reentry at the end of the first reentrant cycle (R1). Unidirectional block of the premature impulse resulted from a longer duration effective refractory period near site 7 than other sites during the basic drive pacing. Specifically, when a range of premature stimuli were delivered after pacing at a basic cycle length of 350 msec, block occurred near site 7 at all A1A2 coupling intervals less than 290 msec, whereas conduction did not fail in other parts of the ring (sites 5 to 1) except at local A1A2 coupling intervals less than 220 msec.
The presence of a region with longer refractoriness facilitated unidirectional block over a 70-msec range of S1S2 coupling intervals. However, it did not prevent initiation of reentry by causing block at the end of A2 because this region was activated after a long A1A2 coupling interval by an A2 impulse approaching from the opposite direction compared with activation during A1. This reversal of activation sequence that produces a long coupling interval is inevitable immediately after the occurrence of unidirectional block.
Block occurred at the end of the first reentrant cycle when the region with longer refractoriness was first activated with a short coupling interval. In Figure 1 , the action potential recordings were made very close to the site of block at the end of the R, cycle and show why reentry terminated. In Figure 1A , when the S1S, interval is 400 msec, the A1A2 interval in the action potential recording is similar to, but slightly shorter than, the A.A. interval. Block is In both examples, this region was not activated very prematurely during A, by an impulse propagating directly from the stimulation site, but rather by an A2 impulse that conducted around the long way from the other direction. This reversal of the activation sequence caused a rapid increase in the A1A2 interval as A2 conducted from site 10 to site 6, and at the critical site of the action potential recording the A1A2 interval was similar to the A1A1 interval. Block occurred when this region wasfirst activated with a short coupling interval (A2R1) at the end ofR1. Panel A: The A1A2 interval (328 msec) in the action potential recording was slightly shorter than the AIA1 interval (400 msec), whereas the A2R1 interval (249 msec) was much shorter, which explains why reentry terminated at the end ofR,. Panel B: TheA1A2 interval (418 msec) was substantially longer than theA1A2 interval (349-350 msec). As a result, the action potential duration associated with A2 (216 msec) was much longer than during the preceding A1 impulses. Therefore, the very short diastolic interval (60 msec) that explains block at the end ofR1 resulted both from the relatively short A2R2 coupling interval (276 msec) and from the long action potential duration and refractory period after the A2 activation. The atral electrograms at site 7 reflecting conduction in the reentrant circuit were very small because ofpoor electrode placement and are indicated by arrowheads. Larger electrograms, such as the one in panel B near the S2 label, were intermittent and late and reflected activation in a very localized region that was not part of the reentrant pathway. It could reflect His bundle activation, judging from the electrode position on the intra-atrial septum near the tricuspid valve leaflets. The occurrence of such larger electrograms did not affect conduction velocity of the impulse conducting around the ring between sites 6 and 8 nor did it modify the SJS2 coupling intervals that produced unidirectional block in this region. The action potential recording provides a better reflection of depolarization in this part of the ring and shows that the late local intermittent activation causing the large electrogram at the site 7 electrode did not produce any active or electrotonic depolarization less than 5 mm away. The horizontal line on the transmembrane potential recording indicates the voltage for 90% repolarization at which both action potential duration and diastolic interval were measured. The spike artifact during the first action potential in panel A and also seen at sites 8 and 9 is a 100-mV calibration pulse delivered between the reference electrode and the ground for the microelectrode amplifier. explained by the shorter A2R1 coupling interval. and the diastolic interval preceding the A2 action However, in Figure iB, when the S1S1 pacing cycle potential were longer than the A1A1 interval and length was only 350 msec, the A1A2 coupling interval diastolic interval preceding A1 action potentials, re- j -E) $-1 .t---:::0:
' I s j 0 zt spectively. This resulted in a longer action potential during A2 than during A1 at this site. Therefore, both the prolongation of the action potential and refractory period during A2 as well as the short A2R1 coupling interval contributed to termination of reentry after one cycle. A similar pattern of activation and coupling intervals was seen in all 110 recordings in which reentry was initiated by a single premature stimulus but terminated during the first reentrant cycle. Termination always resulted from block in a part of the circuit where the reversal of activation sequence between A1 and A2 resulted in a relatively long A1A2 interval and an abrupt reduction of cycle length from A1A2 to A2R1. The mean difference between the effective refractory period in the region causing unidirectional block and the longest effective refractory period in other parts of the ring was 54±32(SD) msec in the five experiments in which this difference was measured. In the six experiments in which action potentials were recorded near the site of block at the end of R1, the action potential duration during A2 was almost as long or longer than during A1 because of a relatively long A1A2 interval at this site and the diastolic interval preceding R1 was much shorter than those preceding A1 or A2, as shown in Figure 1 .
Termination of Nonsustained Reentry
When the reentrant impulse did not block at the end of the first reentrant cycle, but did block within 10 cycles, there was always marked beat-to-beat oscillation of conduction in the region with long refractoriness that was responsible for unidirectional block of the premature impulse. Termination always followed a long/short sequence of cycle lengths during the next-to-last and last cycles just proximal to the site of block and a long/short sequence of conduction times during the last two cycles that the impulse conducted past the site of block.
These common features are illustrated in Figures 2,  3 , and 4B. The cycle length oscillations resulted from interval-dependent conduction in regions where the reentrant impulse propagated through partially refractory tissue. They were initiated by very slow conduction at the end of R1 when the region where the activation sequence was reversed between A1 and A2 was first activated with a short coupling interval. Slow conduction at the end of R1 resulted in a longer coupling interval as the impulse approached this site during R2, which contributed to a shorter conduction time. Variations in action potential duration in the critical region (shown in Figures 1 and 5 ) contributed to the oscillations because conduction velocity and conduction block depend more on diastolic interval than on coupling interval per se. For instance, in Figure 5 , the short action potential after the short diastolic interval of 94 msec in the intracellular recording at the end of R1 contributed to the longer diastolic interval and faster conduction during the next cycle. This interval-dependent conduction indicates that the impulse propagated through partially refractory tissue. Cycles -1 and 0 represent the last basic AIA, and the A1A2 intervals, respectively. In each pair, one episode terminated after three or five cycles of reentry and the other terminated after 12-15 cycles. The earlier termination of the shorter episodes is explained by a greater long/short cycle length oscillation on the two cycles before termination of the short episode compared with equivalent cycles on the longer episode. The longer episodes also terminated after a short/long/short sequence of cycle lengths during the last three cycles. The longer episode in the middle pair illustrates a tachycardia that showed little oscillation during the firstfour cycles followed by increasing cycle length oscillation leading to termination.
The pattern of oscillation preceding termination of nonsustained reentry is shown in Figures 2A, 3 , and 4B. These terminations are similar in their dependence on oscillation of conduction and refractoriness to those previously described for spontaneous termination of sustained tachycardias9 except that the oscillations were initiated by the abrupt changes in cycle length during induction of reentry. Part ,'
T t FIGURE 4. The relation between penetration of a premature impulse before unidirectional block the magnitude of cycle length oscillation, and the duration of reentry. Both panels show recordings from 10 electrodes around the ring during the last two basic drive stimuli and the premature stimulus initiating reentry. Panel A: The A2 impulse blocked between sites 5 and 4, allowing initiation of reentry that terminated at the end of the first reentrant cycle near site 4. Site 4 was activated with a relatively long coupling interval of 365 msec, which presumably prolonged the following action potential and refractory period, which resulted in block of the reentrant impulse on the next cycle. Panel B: A slightly later A2 stimulus penetrated beyond site 4 and blocked before reaching site 3. Site 4 was activated with a shorter coupling interval (233 msec) and activated again after 175 msec during the initiation of reentry. The shorter coupling interval would shorten the refractory period encountered at the end of the first reentrant cycle. In addition, the short A2R, coupling interval near site 4 slowed conduction ofR1, which increased the cycle length preceding activation at each site during the first reentrant cycle. Termination did not occur at the end of R1 because of both a longer cycle length at site 3 (252 msec in panel B vs. 240 msec in panel A) and a shorter refractory period near site 4.
cycle length. This component can be diminished by pacing with a basic drive cycle length closer to the reentrant cycle length. However, the long/short sequence of cycle lengths in the region with long refractoriness where the activation sequence was reversed during cycle A2 cannot be avoided during induction by single premature stimuli. In all but one experiment, termination of nonsustained reentry resulted from block in the region where there was reversal of the activation sequence during induction that caused a long coupling interval beyond the site of unidirectional block. The only exception was a tachycardia in which oscillation of conduction was also apparent at another site in the ring where conduction block finally occurred. The top pair of graphs in Figure 3 shows the cycle length oscillations just proximal to the site of block in this experiment.
A consequence of the oscillatory mechanism of termination is that episodes of tachycardia with less initial oscillation lasted longer. Figure 2 shows greater oscillation of conduction times and cycle length in the region of block in the tachycardia that terminated at the end of the third reentrant cycle (panel A) than in the tachycardia that continued beyond this point (panel B). Figure 3 shows that greater oscillation explained earlier termination when comparing pairs of initiation of reentry from the same experiment. Figure 4 shows that the amplitude of the oscillation and, therefore, the duration of tachycardia could also be affected by how far the premature impulse penetrated before unidirectional block. In panel B, the impulse penetrated one site farther than in panel A. Activation of site 4 in the region with longer refractoriness by a pair of short coupling intervals (233 and 175) in panel B rather than the long coupling interval (365 msec) in panel A resulted in slower conduction and presumably shorter action potential and refractory period, so the impulse did not block at this site at the end of RI.
Damped Oscillation of Cycle Length, Action Potential Duration, and Conduction Time During the Initiation of Sustained Reentry
In this model, cycle length oscillations were also generally seen during the induction of sustained reentry, but they dampened to a steady-state cycle length or to a limited oscillation. Because oscillations explained the termination of nonsustained reentry and are initiated by the inevitable perturbation of cycle lengths during induction, the ability to dampen cycle length oscillations is an essential requirement for reentry to FIGURE 5 . Damped oscillations ofcycle length, conduction time, action potential duration, and diastolic interval during induction of sustained reentry. The figure shows the activation patterns after the last two basic drive stimuli and a premature stimulus with a coupling interval of 240 msec. Transmembrane action potentials were recorded between extracellular sites 7 and 8 as indicated by the dots at the moment of each depolarization. This was the critical site beyond the point of unidirectional block that was first activated with a short cycle length (262 msec) at the end of the first reentrant cycle. The graphs at the bottom show action potential (AP) cycle length, action potential duration (APD-90), and diastolic interval (DI) measured from the transmembrane potential recording. Beat numbers -1 and 0 represent the lastA1 and theA2 activations; positive numbers identify reentrant cycles. The abrupt shortening of coupling interval after induction of reentry initiated oscillation of conduction times between sites 8 and 6 that caused the cycle length oscillation that persisted for several cycles. During the oscillation, changes in the preceding diastolic interval also caused changes in action potential duration that contributed to the oscillations. Because the large oscillations of diastolic interval during the first two reentrant cycles progressively decrease, the variations in conduction time and action potential duration that depend on diastolic interval dampened to a steady value during the first 11 cycles of reentry. become sustained. Figure 5 shows an example in which the oscillations of cycle length, diastolic interval, conduction times, and action potential duration dampened toward steady-state values. Because oscillations resulted from variations in conduction and action potential duration that depended on the preceding diastolic interval, damping resulted when the deviations of diastolic interval from its steady state progressively diminish with each beat after induction. Once the steady state was reached, conduction velocity no longer varied because cycle length and diastolic interval were constant from beat to beat even though the impulse continued to conduct through partially refractory tissue. In stable sustained tachycardias, cycle length oscillation resulting from interval-dependent conduction was observed only after a perturbation such as after initiation before the steady-state cycle length was achieved or after resetting by premature stimuli.9
Discussion
Several factors contributed to termination of reentry shortly after induction by single premature stimuli in this model as summarized in Figure 6 . First, reversal of the activation sequence after the premature stimulus resulted in a long coupling interval in part of the ring beyond the region of unidirectional block. Second, excessively long effective refractory periods in one part of the ring near the site of unidirectional block facilitated the induction of reentry but favored termination at the end of the first reentrant cycle when this region was first activated with a short cycle length. Finally, when reentry continued beyond one cycle, oscillations of conduction, action potential duration, and refractoriness initiated by the inevitable pattern of long/short cycle lengths during induction of reentry may lead to termination of reentry several cycles later. Diagrammatic representation of the events during termination one or several cycles after initiation by a single premature stimulus. The activation pattems of the last two A1 impulses, the A2 impulse, and the initial cycles or reentry are shown. Horizontal lines indicate the duration of the action potentials or effective refractory periods at various sites based on recordings such as in Figures 1 and 5 . During the basic drive stimulation, the refractory period is shown to be longer near site 5, which is responsible for unidirectional block during the premature cycle. Beyond the site of unidirectional block, there is a reversal of the activation sequence in the region marked A. Because of the relatively long coupling interval in this region, the action potential and refractory periods are further prolonged in this region with longer refractoriness (RLR). In other regions activated with shorter coupling intervals, the duration ofrefractoriness is shortened. In the diagram at the left, the prolongation of refractoriness in the region with longer refractoriness (RLR) is sufficient to terminate reentry (T) at the end of the first reentrant cycle. In the diagram at the right, conduction does not fail at the end of the first reentrant cycle, but the short diastolic interval causes conduction delay initiating cycle length oscillation during reentry. During a given cycle, local conduction velocity and refractory periods vary depending on the duration of the preceding diastolic interval. Diastolic interval varies from site to site during a given cycle because of different activation histories. Termination (T) occurs at the end of the third reentrant cycle because of a combination of a short cycle length and prolonged refractoriness after the preceding activation.
Except for special factors that initiated the oscillations, the mechanism of oscillatory termination of nonsustained reentry was similar to our previous description of spontaneous termination of sustained reentry in this model.9 Termination resulted from a long/short sequence of cycle lengths. The long nextto-last cycle contributed to termination both by allowing faster local conduction and, therefore, shortening the last cycle length and also by prolonging the action potential duration and refractoriness at the site of block. The oscillations were caused by interval-dependent conduction of a reentrant impulse that encounters partially refractory tissue in at least part of the ring and also by changes in action potential duration with variations in preceding diastolic intervals.
Caution is warranted in generalizing these results to other arrhythmias because this study used a specific model of reentry with characteristics not shared by all reentrant circuits. Reentry occurs in a fixed loop around an anatomic barrier. There is no discrete area with much slower conduction, and conduction involves fast response action potentials.8 The duration of both action potentials and refractory periods shortens as the premature coupling interval is re-duced. The mechanism of block during the first reentrant cycle after single atrial echo beats caused by atrioventricular nodal reentry in humans is clearly different from the present study. Initiation by an atrial premature beat usually involves block in the anterograde fast atrioventricular nodal pathway, anterograde conduction over the slow pathway, and retrograde conduction up the fast pathway to produce an atrial echo beat. In contrast to the present study, termination after one echo beat involves block near the beginning of the first reentrant cycle (in the slow pathway) in part because of prolongation of refractoriness after the first premature cycle.
Furthermore, properties not found in this model of reentry can cause other mechanisms of termination of nonsustained reentry. Rate-dependent fatigue of excitability could block a reentrant impulse several cycles after initiation of a tachycardia. This mechanism should produce progressive increases in cycle length before termination that distinguish it from termination caused by cycle length oscillation. Both rate-dependent fatigue and oscillation of conduction in the atrioventricular node have been observed in termination of nonsustained atrioventricular reentry with a bypass tract. 10, 11 Ischemia or exposure to use-dependent antiarrhythmic drugs could produce rate-dependent fatigue after initiation of reentry in atrial or ventricular muscle.
However, the observations in this study may still be relevant to certain other arrhythmias in spite of different properties of the circuit. A similar mechanism appears to explain termination of reentry after one or two cycles in a study by Wit et al12 of ventricular reentry around functional barriers in the epicardial borderzone after myocardial infarction in dogs. Their maps show that reentry terminated at the end of the first or second reentrant cycle because of block near the site of unidirectional block of the premature impulse. In this region there was reversal of the activation sequence between basic drive and premature impulses that produced a long coupling interval (V1V2) for the impulse resulting from S2. Calculation of coupling intervals from consecutive maps shows a long/short cycle length sequence leading to block after one beat of reentry; after pacing at cycle length of 300 msec, the V1V2 and V2R, cycle lengths were 325 and 160 msec at the site of block at the end of the R, cycle. A reduction of the S1S2 interval that produced less oscillation during the V1V2 and V2R, cycles (270 and 260 msec) allows reentry to continue beyond R, but terminate at the end of R2 after a short R1R2 coupling interval of 160 msec. We conclude that in functional barrier reentry, oscillation of cycle length and refractoriness can still explain termination of nonsustained reentry. In functional barrier reentry, changes in the length of the reentrant pathway as well as changes in conduction velocity may contribute to cycle length oscillation.
Dispersion of refractoriness has been shown to be important for producing unidirectional block needed to initiate reentry by a number of investigators. 5, 13, 14 Frame and Rhee Termination of Nonsustained Reentry 501
The present study shows that excessive dispersion of refractoriness with long refractory periods in one region may facilitate initiation of reentry over a wide range of coupling intervals but may prevent reentry from continuing beyond one cycle. Thus, while dispersion of refractoriness is frequently the cause of unidirectional block, it does not follow that the greater the dispersion of refractoriness, the greater the tendency will be for reentrant tachycardias.
Our results have implications for the relation between single or multiple repetitive responses and sustained reentrant arrhythmias induced by programmed stimulation in patients. The repetitive responses may be due to the same reentrant mechanism as the sustained arrhythmia except that it terminates because of larger oscillations. Variations of stimulus coupling intervals could affect the magnitude of the initial oscillations during reentry and thereby influence whether the tachycardia becomes sustained. This hypothesis is supported by data showing greater cycle length oscillation during nonsustained than sustained ventricular tachycardias induced by programmed stimulation.15 It is also consistent with the report that greater cycle length variability during spontaneous nonsustained ventricular tachycardia identifies patients less likely to have inducible sustained ventricular tachycardia. 16 Our observations may also have implications for the relation between spontaneous premature ventricular contractions and sustained ventricular tachycardia in some patients. The first beat of monomorphic ventricular tachycardia often has the same morphology as the remaining beats,17,18 suggesting that the rhythm starts spontaneously rather than because of an external premature impulse caused by another mechanism. Furthermore, when patients have both single premature ventricular contractions and ventricular tachycardia, the QRS morphology of the two rhythms is often similar.12 These facts are consistent with our hypothesis that premature ventricular contractions result from spontaneous initiation of reentry that terminates after one cycle, whereas ventricular tachycardia involves reentry in the same circuit that continues. If this hypothesis is correct, then the important question is what change in tissue properties allows reentry occasionally to continue beyond one cycle. This hypothesis also provides a different perspective on the possible relation between drug suppression of ectopic beats and prevention of sustained tachycardias. These responses might be concordant or discordant, depending on the nature of the drug effect and certain properties of the reentrant circuit. For instance, a drug that decreased the dispersion of refractoriness in a circuit with long refractoriness in one region might decrease the occurrence of unidirectional block and the frequency of ectopic beats but make it more likely that unidirectional block would be followed by sustained reentry. Similarly, a drug that slows conduction without prolonging refractoriness or producing bidirectional block might also allow reentry to be sustained. On the other hand, a drug that causes bidirectional block may prevent both ectopic beats and tachycardias.
The hypotheses presented above contrast sharply with the widely held belief that ventricular tachycardia is initiated or "triggered" by premature ventricular contractions, which implies that the two rhythms have different mechanisms. There is no conclusive proof for either hypothesis, and the mechanism of premature ventricular contractions is unknown. Further investigation of the relation between premature contractions and ventricular tachycardia is needed.
In the present model, damped cycle length oscillations seen after induction of sustained reentry occurred because the impulse conducted through partially refractory tissue with interval-dependent conduction velocity in at least part of the reentrant pathway. In contrast, we did not observe cycle length oscillation after initiation of reentry in a ring of ventricular tissue in which the impulse conducted through fully recovered tissue. 19 We propose that damped cycle length oscillation after initiation may identify clinical tachycardias in which the impulse impinges on partially refractory tissue at least in part of the circuit. Such damped oscillation after initiation has been observed in some examples of atrioventricular reentry with a bypass tract,20 sinus node reentry,2' atrial flutter,22 23 and ventricular tachycardia.24-26 It is possible that such observations indicate specific characteristics of the reentrant circuits that may help identify a subgroup of patients more likely to respond to certain antiarrhythmic drugs.
